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Introduction
49
River response to tectonic deformation determines local relief and the supply of sediment 51 to basins. Surface uplift may steepen rivers, increasing their erosional capacity to incise bedrock 52 and transport sediment, but the converse also occurs, for instance, where rising transverse 53 structures cause deposition and possible river diversion (Schumm et al., 2000) . In the case of 54 low relief landscapes, the sensitivity to small changes in slope means that anomalous river 55 patterns may be the first clue to tectonic activity (e.g. Nanson, 1980) . Intraplate tectonism has 56 notably perturbed sections of large lowland rivers such as the Amazon and Mississippi chiefly 57 because such rivers flow across very low gradients (Adams, 1980; Holbrook and Schumm, 58 1999) . Whether a river is diverted or maintains course by incising in pace with uplift is held to be 59 a function of the surface uplift rate, sediment flux, and stream power relative to critical thresholds 60 of erosion (Schumm et al., 2000) , though the role of the latter has been questioned (Humphrey 
66
contributing major insights to the effects of transverse uplift, such as changes in sinuosity and 67 planform style (Ouchi, 1985; Schumm et al., 1987) . Although such observations have been 68 corroborated qualitatively in natural rivers (e.g. Nanson, 1980; Holbrook and Schumm, 1999) ,
69
there is rarely sufficient constraint on the magnitude of deformation and the associated river 70 responses to fully evaluate a natural experiment over 10 5 -10 6 y timescales.
71
A transverse structure rising across the path of an unconfined river is generally predicted 72 to cause deposition upstream of the uplift axis at the same time as erosion downstream (Ouchi, 73 1985; Humphrey and Konrad, 2000) . To test this idea, we examine both modes of fluvial 74 response along a large, lowland river in east-central Australia, Cooper Ck, where it crosses the 75 anticline known as Innamincka Dome (Fig. 1 ). The rate of alluvial deposition is quantified with 76 luminescence dating, and bedrock incision with in situ cosmogenic 10 Be. Based on analyses of i)
Field setting: Tectonism and drainage evolution of east-central Australia
84
The subdued relief across east-central Australia implies a relatively quiescent tectonic 85 regime accordant with reports of low denudation rates <10 mm/ky based on cosmogenic nuclide 86 measurements of bedrock surfaces in central Australia (e.g., Bierman and Caffee, 2002; Belton et al., 2004; Heimsath et al., 2010; Fujioka and Chappell, 2011 ). Yet, the continent as a whole
88
has experienced appreciable Neogene-Quaternary tectonism given its intraplate setting 89 (Sandiford et al, 2009 
99
Cooper Ck dissects two anticlinal structures formed in Mesozoic Eromanga Basin rocks:
100
Innamincka Dome and Gason-Cooryanna Domes, which together exert major influence on 101 landscape evolution east of the intra-continental depocentre at Lake Eyre (Fig. 1A) (Rust and Nanson, 1986; Nanson et al., 1988; Fagan, 2001; Coleman, 2002; Bowman, 2003;  168 Maroulis et al., 2007; Nanson et al., 2008; Cohen et al., 2010) 
212
The HEC-RAS model simulations of the 6360 m 3 /s discharge (>100-year flood in 1974) 7
show that the flow hydraulics are strongly influenced by the degree of lateral constriction at the 214 knickpoint. Floodwaters were estimated to be ~15 m deep at the Choke (Fig. 3C,4) , and the is 900 mm, which according to Komarʼs (1996) in this study at 67 ± 24 cm (mean ± 1σ).
270
A simple episodic plucking model was developed to explore scenarios consistent with the 
290
97%, respectively), so the fraction of inherited nuclides in the newly exposed surface is minimal 291 in the latter cases (Fig. 7A,B) . The resultant bedrock incision rate is dependent upon the number
292
of joint-blocks detached: modelling one, two, or three blocks yields minimum incision rates of 
305
Nappapethera waterhole and forms a bedrock trench 10 m deep and 250 m wide (Fig. 1, 3B ): a 306 constant rectilinear slope is maintained for 135 km from Shire Rd to the Cullyamurra knickpoint 307 (Fig. 3B) . The Cooper has maintained its course across the anticlinal uplift at Innamincka Dome
308
by incising bedrock at a minimum estimated rate of 17.4 ± 6.5 mm/ky, which greatly exceeds the 309 background bedrock denudation rates of ~0. 
323
Nappapethera correspond to the area of widely varying deposition rates (Fig. 1B, 6A ),
324
suggesting that spatially non-uniform surface subsidence might be reflecting intra-basinal 325 differences in compaction of the >100 m deep sediment pile.
326
Surface subsidence coupled with anticlinal uplift separates the aggrading basin upstream 327 from the erosion occurring at the knickpoint and bedrock constrictions, and the magnitude of 328 uplift relative to erosion can be estimated via simple geometric arguments; a schematic overview 329 is presented in Figure 8 . Given that the bedrock channel bed at the Choke lies at 39.9 m asl ( reaches that cut transverse to structure (Fig. 1A) . Cullyamurra waterhole occupies a bedrock-
362
confined trench that appears to be the product of the headward-retreating knickpoint that now 363 stands at the waterholeʼs upstream limit (Fig. 3C) . We speculate that the knickpoint was initiated
364
at the faulted western margin of the anticline ~30 km to the west (Moussavi-Harami and
365
Alexander, 1998). Notable seismicity has occurred in the vicinity of the Dome: 11 earthquakes of 366 magnitude ≥3 and two ≥4, since the early-1960s (Fig. 1B) . Other inferred evidence of recent 367 deformation is the unchannelised reach of Strzelecki Ck at the fan apex (Fig. 1B) . The knickpoint 368 is a very pronounced 18 m-high step that dwarfs all other local convexities in the Cooper profile.
369
Ongoing headward retreat to Nappapethera is predicted to instigate a major phase of erosion as 
386
Whereas the modern Cooper is a low-energy and predominantly suspended-load anabranching 387 system, the underlying Pleistocene sandy bedload signals a laterally-active meandering river 388 with a bankfull discharge ~5-7 times that of today (Nanson et al., 1986 (Nanson et al., , 1988 Rust and Nanson, 389 1986 ). In line with flow efficiency arguments, the transition to anabranching between ~75-55 ka
390
( 
397
Cooper Ck maintains sediment conveyance across extremely low slopes of ~230-180 mm/km 398 (Fig. 3A) , despite >75% transmission losses between Currareva and Cullyamurra waterhole 399 (Knighton and Nanson, 1994) . Given the present-day situation in which even the 100-year flood 400 magnitude is insufficient to achieve significant boulder transport, we surmise that MIS-5 was a 401 time of enhanced discharge on the Cooper with high erosional capacity at the Dome. 
423
The low stream-power that is typical of large, low gradient rivers means that such rivers
424
can in some cases be dependent upon extreme floods to maintain sediment transport capacity (Senior, 1969 (Senior, , 1970 Galloway et al., 1971; Townsend et al., 1975; Gravestock et al., 630 1995) . 
